Compound 4.
To a stirred solution of tris(hydroxymethyl)aminomethane (5 g, 41.3 mmol) in DMSO (8.3 mL) was added 5.0 M sodium hydroxide (0.8 mL) at 15 °C and then tert-butyl acrylate (20.6 mL, 141 mmol) dropwise. The reaction mixture was warmed to room temperature. After stirring for 12 h, the reaction mixture was diluted with EtOAc, washed with water and brine. The organic layer was dried over anhydrous Na 2 SO 4 , filtered and concentrated under reduced pressure. The residue was purified by flash column chromatography (hexane : EtOAc = 2:1 containing 0.05% NH 4 OH) to afford a product as colorless oil in 50% yield: Compounds 5 and 6. To a stirred solution of 3 or 4 (2.78 mmol), HOBt (434.5 mg, 3.21 mmol), DIEA (0.56 mL, 3.21 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)acetic acid (0.5 g, 2.14 mmol) in CH 2 Cl 2 (10 mL) was added EDC (616.4 mg, 3.21 mmol) at room temperature. After stirring for 12 h, the reaction mixture was diluted with CH 2 Cl 2 , washed with water and brine. The organic layer was dried over anhydrous Na 2 SO 4 , filtered and concentrated under reduced pressure. The residue was purified by flash column chromatography (EtOAc : CH 2 Cl 2 = 3:1) to afford 5 or 6 as colorless oil in 40-50% yield. 
Reduction of N 3 to NH 2 . Compound 5, 6 or 9 (1 g) dissolved in methanol (48 mL) was hydrogenated over 10% Pd/C (100 mg). After 4 h, the catalyst was filtered through Celite ® pad and the solvent was removed under reduced pressure to afford 7, 8 or 10 with quantitative yields. 
Microarray studies
Preparation of hydrazide-functionalized glass slides. Monovalent hydrazide modified glass slides were prepared by using a known procedure. 1, 2 For preparation of di-, tri-and tetravalent hydrazide modified glass slides, N-hydroxysuccinimide (NHS) ester functionalized glass slides, obtained from epoxide-coated glass slides, 1, 2 were treated with a solution of respective 7, 8 or 10 (1%) and 1% DIEA (w/v) in DMF for 5 h with gentle shaking. The glass slides were washed with DMF for 3 min three times and then with water. After purging with argon gas, the slides were treated with a solution of 2 M HCl in acetic acid for 2 h to remove t-Bu groups with gentle shaking. The glass slides were washed with water for 3 min three times. After purging with argon gas, the slides were treated with a solution of 3% DIC and 3% NHS in DMF for 3 h with gentle shaking. The slides were washed with DMF for 3 min three times. After purging with argon gas, the slides were treated with a solution of 3% hydrazine monohydrate in DMF for 3 h with gentle shaking. After washing with water several times, the slides were dried by purging with argon gas.
Construction of carbohydrate microarrays. Unmodified glycans, dissolved in 100 mM sodium phosphate buffer (pH 5.0) containing 30% glycerol, were placed into wells of a 384-well plate. Solutions of glycans (1 nL, 10 and 30 mM) were printed in duplicate in a predetermined place on a hydrazide coated glass slide with a distance of 250 m between centers of adjacent spots by using an automatic pin-type microarrayer (SpotBot®, Arrayit). After printing carbohydrates on the slide surface, the slides were placed into a humidity chamber (55-60% humidity) at 50 °C for 10 h. The slide was then divided into several blocks by using a compartmentalized plastic film that was coated with adhesive on one side (thickness: 0.1-0.2 mm) to avoid cross-contamination. The slides were washed with PBS (pH 7.4) containing 0.1% Tween 20 for 5 min under gentle shaking. After drying the slide by purging with argon gas, a solution (15-20 L) of PBS buffer (pH 7.4) containing 1% BSA was dropped onto the compartmented block and then left at room temperature for 1 h. The slide was washed three times with PBS buffer (pH 7.4) containing 0.1% Tween-20 for 5 min under gentle shaking. To obtain reproducible results, the prepared microarrays were used immediately.
Detection of glycan-protein interactions using microarrays. Carbohydrate microarrays were probed with Cy3-labeled RCA 120 (50 g/mL), ConA (50 g/mL), AA (1 g/mL) and cholera enterotoxin B (25 g/mL) in PBS buffer (pH 7.4) containing 0.1% Tween 20 for 1 h at room temperature. For ConA binding, 1 mM CaCl 2 and 1 mM MnCl 2 were added. The unbound proteins were removed by washing with the same buffer and rinsed with water. After drying the treated microarray by purging with argon gas, the slide was scanned using GenePix® 4100A scanner (Applied Molecular Device). Fluorescence intensity was analyzed using GenePix Pro7 software (Molecular Device). 
Detection of interactions of carbohydrates with pathogenic cells using microarrays. H.
pylori cells in Brucella broth media were treated with SYTO 83 (50 M, 1% DMSO) to stain cells. After 5 min incubation on the shaker, cells were isolated by centrifugation and then washed twice with TBS buffer (50 mM Tris-Cl, 150 mM NaCl, pH 7.4). The labeled cells were suspended in TBS buffer containing 0.1% BSA and then applied onto carbohydrate microarrays. After 1 h at room temperature, unbound cells were removed by gently washing with PBS buffer containing 0.1% Tween 20 and water. After drying by purging with argon gas, the microarrays were scanned by using a GenePix® 4100A scanner (Applied Molecular Device). Fluorescence intensity was analyzed using GenePix Pro7 software (Molecular Device).
E. coli cells in PBS buffer (pH 7.4) containing CaCl 2 (1 mM) and MnCl 2 (1 mM) were treated with SYTO 83 (50 M, 1% DMSO) to stain cells. After 1 h incubation on the shaker, cells were isolated by centrifugation and then washed twice with PBS buffer. The labeled cells were suspended in PBS buffer containing 0.1% BSA, 1 mM CaCl 2 and 1 mM MnCl 2 and then applied onto carbohydrate microarrays. After 1 h at room temperature, unbound cells were removed by gently washing with PBS buffer containing 0.1% Tween 20 and water. After drying by purging with argon gas, the slide was scanned using a scanner and fluorescence intensity was analyzed using GenePix Pro7 software.
S. aureus cells in TSB buffer (pH 7.4) were treated with SYTO 83 (50 M, 1% DMSO) to stain cells. After 5 min incubation on the shaker, cells were isolated by centrifugation and then washed twice with TBS buffer. The labeled cells were suspended in TBS buffer containing 0.1% BSA and 1 mM CaCl 2 and then applied onto the carbohydrate microarrays. After 1 h at room temperature, unbound cells were removed by gently washing with PBS buffer containing 0.1% Tween 20 and water. After drying by purging with argon gas, the slide was scanned using a scanner and fluorescence intensity was analyzed using GenePix Pro7 software. Preparation of Cy3-BSA-Man1,2Man conjugates. Cy3-NHS (0.08 mg, 0.14 mol) 4 in DMSO (a final volume: 5% in buffer) was added to BSA (5 mg, 0.07 mol) in 10 mM NaHCO 3 buffer (pH 8.0). The mixture was stirred for 1 h at room temperature. Lowmolecular mass materials were removed by using an Amicon centrifugal filter device (cutoff: 30 KDa). Cy3-labeled BSA was lyophilized. The Cy3 conjugation ratio to BSA was determined by analyzing UV absorbance of a Cy3 dye.
Detection of
Squarate-activated Man1,2Man (0.6 mg, 1.13 mol) 5 was added to Cy3-BSA (5 mg, 0.07 mol) in 0.5 M borate buffer (pH 9.0). The mixture was gently stirred for 3 days. Lowmolecular mass materials were removed by using an Amicon centrifugal filter device (cutoff: 30 KDa). The Man1,2Man conjugation ratio to Cy3-BSA was determined by MS analysis. 

